In tissues of the sheep blowfly, Lucilia cuprina, which contain a previously undescribed virus-like particle (VLP) the mitochondria are invariably transformed into vesicle-containing bodies. The relationship between the presence of VLP and transformed mitochondria is confirmed by the production of similar vesiculated mitochondria in a Drosophila cell line inoculated with the VLP. The vesicles appear to be invaginations of the outer mitochondrial membrane and contain fibrillar material. The transformed mitochondria have many similarities with those described in virusinfected plant cells.
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SUMMARY
In tissues of the sheep blowfly, Lucilia cuprina, which contain a previously undescribed virus-like particle (VLP) the mitochondria are invariably transformed into vesicle-containing bodies. The relationship between the presence of VLP and transformed mitochondria is confirmed by the production of similar vesiculated mitochondria in a Drosophila cell line inoculated with the VLP. The vesicles appear to be invaginations of the outer mitochondrial membrane and contain fibrillar material. The transformed mitochondria have many similarities with those described in virusinfected plant cells.
There are many examples of a specific transformation of mitochondria into a characteristic vesiculated form in virus-infected plant cells (Harrison et al., 1970; Hatta et al., 1971 ; Petzold, 1972; Hatta & Ushiyama, 1973; Sugimura & Ushiyama, 1975; Russo & Martelli, 1982; CasteUano & Martelli, 1984; Di Franco et al., 1984) . This phenomenon has not been reported in animal cells but vesiculated structures (cytopathic vacuoles type I or CPV-I), believed to originate from the Golgi apparatus, occur in chicken cells infected with Semliki Forest virus (SFV) (Grimley et al., 1968 Friedman et al., 1972) and in monkey cells with Ross River virus (Raghow et al., 1973) . In this study I show that mitochondria of sheep blowflies (Lueilia cuprina) infected with a virus-like particle (VLP) undergo a transformation into structures remarkably similar to those described in virus-infected plants. Further evidence for a causal relationship between the presence of the VLP and transformation of mitochondria is provided by the infection of a Drosophila cell line with the Lucilia VLP. The morphology, distribution and cytopathology of the VLP in Lucilia tissues is described in greater detail elsewhere (Binnington et al., 1986) .
Tissues were from gravid female L. cuprina which have been in laboratory culture for many years and have a high incidence (at least 50%) of infection with the VLP. They were fixed in 2.5~ glutaratdehyde and post-fixed in I ~ osmium tetroxide before being stained en bloc with 1% uranyl acetate in distilled water. Tissues were then embedded in epon/araldite, sectioned, stained with uranyl acetate and lead citrate and examined with a JEOL 100C electron microscope. VLP were extracted from homogenized Lucilia and filtered through a 0-45 lam filter before being added to Drosophila cell line 1 (Schneider, 1972) obtained from Dr P. Scotti and maintained in Schneider's medium. After 48 h incubation at about 20 °C the cells were pelleted, fixed, processed and examined as described above.
VLP are found in a wide variety of tissues of adult Lucilia but have not been observed in larvae. As yet, no study of pupae has been made. The VLP are seen only in the cytoplasm or in extracellular spaces and the basal lamina. They occupy tubules of endoplasmic reticulum ( Fig.  1 a, b) or lie between nuclear membranes and may also be free in the cytoplasm or in oesophageai cuticle (Binnington et al., 1986) . There are two forms of VLP, oval 25 to 30 nm x 35 to 40 nm and filamentous, 25 to 30 nm wide and up to 1000 nm in length (Fig. 2a, b) . These two forms coexist within infected membranous compartments of particular cells and it seems likely that they are different morphological forms of the one type of probable virus (Fig. 1 b, 2b) . The particles 0000-7297 © 1987 SGM have an envelope indistinguishable from membranes of the endoplasmic reticulum. Inside the membranous envelope of the VLP there is an electron-dense ring which may be a nucleocapsid and this surrounds an electron-lucent core (Fig. 2a, and inset) . Drosophila cells exposed to VLP contain the particles within distended compartments of the endoplasmic reticulum (Fig. 3c) .
A striking feature of Lucilia and Drosophila cells infected with the VLP is the transformation of normal mitochondria (Fig. 2c, 3b) into vesiculated forms. There is strong evidence for a causal relationship between the presence of VLP (both oval and filamentous forms) and the occurrence of vesiculated mitochondria; of more than 300 Lucilia examined by electron microscopy, none has been found to contain vesiculated mitochondria in the absence of VLP. 
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Conversely, whenever VLP are tound within a cell, transformed mitochondria are also seen. Furthermore, vesiculated mitochondria are seen only in Drosophila cells containing VLP after exposure to an extract of VLP-infected Lucilia. In cells containing few VLP the mitochondria contain only a small number of vesicles (Fig. 2d) . Cells heavily infected with VLP have mitochondria which are markedly distorted as a consequence of the outer mitochondrial membrane forming semi-circular invaginations at sites occupied by vesicles (Fig. 2e, 3d ). Similar configurations, designated 'rosettes', have been seen in plants infected with tobacco rattle virus and cucumber green mottle mosaic virus (Harrison et al., 1970; Hatta & Ushiyama, 1973) . At the sites of attachment of the necks of the vesicles to the outer membrane there are regularly arranged deposits of electron-dense material (Fig. 2e, 3d) . Vesicles contain an electron-dense core and have fibrillar material interposed between this core and the vesicular membrane (Fig. 3 a) . A later stage of transformation reveals barely recognizable mitochondria, largely occupied by both attached and free vesicles, and a highly condensed lamellated body which is all that remains of the inner membrane and matrix (Fig. 2f) . These highly characteristic changes in Lucilia and Drosophila mitochondria are virtually identical to those described in some virus-infected plants. Until recently, reports of mitochondrial transformation in plants were restricted to infections by viruses of the tobravirus and tobamovirus groups. It has now been realized that the so-called multivesicular bodies seen in plants infected by carnation Italian ringspot virus of the tombusvirus group (Martelli & Russo, 1973; Russo & Martelli, 1972; Martelli et al., 1977) are also modified mitochondria (Di Franco et at., 1984) . The multivesicular bodies induced by other members of the tombusvirus group are apparently modified peroxisomes (Russo et al., 1983) . Other observations of vesiculated mitochondria include an infection by a virus of the tymovirus group (Lesemann, 1977) and infections of Begonia (Petzold, 1972) and grapevine leaves (Castellano & Martelli, 1984) by unidentified virus-like agents. Chloroplasts of plants infected with the tymovirus, turnip yellow mosaic virus, also contain peripheral vesicles (Chalcroft & Matthews, 1966; Ushiyama & Matthews, 1970 : Hatta et al., 1973 Hatta & Matthews, 1974) and there is compelling evidence that these are involved in replication of viral RNA (Ralph & Clark, I966; Lafleche & Bove, 1968; Hatta & Matthews, 1976) . It has been suggested that plant mitochondria may be involved in viral RNA replication but this has not been proved (Harrison et al., 1970; Martelli & Russo, 1977; Di Franco et al., 1984) .
In view of the above findings in Lucilia and Drosophila cells and the ubiquitous occurrence of transformed mitochondria in plants infected with certain types of virus, it would be instructive to know more of this phenomenon in animal cells. The possibility that vesiculated bodies (CPV-I) induced by SFV (Grimley et al., 1968) and Ross River virus might also be derived from mitochondria appears worthy of investigation. This is particularly so for CPV-I induced by SFV since these have been implicated by autoradiographic, RNA inhibition and biochemical fractionation studies in replication of the virus (Grimley et al., 1968; Friedman et aL, 1972) .
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